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Abstract
We examine a dual theory of a Supersymmetric Standard Model(SSM) in
terms of an SU(3)C gauge group. In this scenario, it is naturally understood that
at least one quark (the top quark) should be heavy, i.e., almost the same order
as the weak scale. Moreover, the supersymmetric Higgs mass parameter  can
naturally be expected to be small. This model predicts nine pairs of Higgs elds,
which may be observed in the near future.
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Recently, it has become clear that certain aspects of four dimensional supersymmet-
ric eld theories can be analyzed exactly [1, 2, 3, 4]. One of the most interesting aspects
is \duality" [1]. By using \duality", we can infer the low energy eective theory of a
strong coupling gauge theory. Does nature use this \duality"? In this paper, we would
like to discuss a duality of a Supersymmetric Standard Model(SSM).
First we would like to review Seiberg’s duality. Following his discussion [1], we
examine SU(NC) supersymmetric (SUSY) QCD with NF flavors of chiral superelds,
SU(NC) SU(NF )L SU(NF )R U(1)B U(1)R
Qi NC NF 1 1 (NF −NC)=NF
Qj NC 1 NF −1 (NF −NC)=NF
which has the global symmetry SU(NF )LSU(NF )RU(1)BU(1)R. In the following,
we would like to take NF  NC + 2, though in the case NF  NC + 1 there are a lot
of interesting features [3, 5, 6, 7]. Seiberg suggests [1] that in the case NF  NC + 2
at the low energy scale the above theory is equivalent to the following SU( ~NC) SUSY
QCD theory ( ~NC = NF −NC) with NF flavors of chiral superelds qi and qj and meson
elds T ij ,
SU( ~NC) SU(NF )L SU(NF )R U(1)B U(1)R
qi ~NC NF 1 NC=(NF −NC) NC=NF
qj ~NC 1 NF −NC=(NF −NC) NC=NF
T ij 1 NF NF 0 2(NF −NC)=NF





The above two theories satisfy the ’t Hooft anomaly matching conditions [8]. Moreover
Seiberg showed that they are consistent with the decoupling theorem [9]. Namely, if we
introduce a mass term only for superelds QNF and QNF
W = mQNF QNF (2)
in the original theory and take the limit m ! 1, the dual theory has an SU(NF −
NC − 1) gauge symmetry, which is consistent with the decoupling of the heavy quark
in the original theory.
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Next, we would like to discuss a duality of a SUSY Standard Model(SSM). We





L) : (3; 2) 1
6
; U cRi : (3; 1)−2
3
; DciR : (3; 1) 1
3
Li = (N iL; E
i
L) : (1; 2)−1
2
; EcRi : (1; 1)1; i = 1; 2; 3; (3)
which transform under the gauge group SU(3) ~CSU(2)LU(1)Y . There are no Higgs
superelds. We would like to examine the dual theory of this theory with respect to
the gauge group SU(3) ~C . In the following, we neglect the lepton sector for simplicity.
Since NF = 6, the dual gauge group is also SU(3)C ( ~NC = NF −NC ), which we would
like to assign to the QCD gauge group. A subgroup, SU(2)L  U(1)Y , of the global































L3; a = 1; 2; 3; (4)




L), and the gener-













Ri). In this theory,
the global symmetry group is SU(3)QL SU(3)UR SU(3)DR U(1)B U(1)R. Then
we can write down the quantum numbers of dual elds;
qLi = (dLi;−uLi) : (3; 2) 1
6
; uciR : (3; 1)−2
3
; dciR : (3; 1) 1
3
M ij : (1; 2)−1
2
; N ij : (1; 2) 1
2
(6)
































R ). It is interesting that the matter contents of both
theories are almost the same. The dierence is the existence of nine pairs of Higgs
superelds M ij and N
i






















~M ji ; (8)
where ~M denotes the charge conjugated eld of M , has a vacuum expectation value
(VEV) hHi = (v; 0), the SU(2)L  U(1)Y symmetry is broken to the electromagnetic
gauge group U(1)Q. In this case, ordinary quark mass matrices are determined by the
mixing of the Higgs scalar eld. You should notice that at least one quark has a heavy
mass, which is almost the order of the weak scale v, if the Yukawa coupling can be
taken to be of order one because of the strong dynamics. Namely the heaviness of the
top quark can be naturally understood.
Of course, in this model, if these Higgs elds have some VEVs, the global symmetry
group SU(3)QL  SU(3)UR  SU(3)DR  U(1)R is spontaneously broken and massless
Nambu-Goldstone bosons appear. In order to avoid such massless particles, we must
introduce explicit breaking terms. One possibility is to introduce SUSY breaking terms
which also break the global symmetry. In this case, it is interesting that an SU(2)L 
U(1)Y invariant mass  can be expected to be of almost the same order as the SUSY
breaking scale because the global symmetries also forbid the SU(2)LU(1)Y invariant
mass terms MN . This is a new solution of the  problem. Moreover, the SUSY
breaking sector determines the mixings of the Higgs scalar elds and consequently the
quark mass matrices.
It is a serious problem that the leptons are massless in this theory. We also cannot
discuss the coincidence of gauge couplings at some scale because the value of the gauge
coupling of the dual theory is unknown.
Since the global symmetries SU(3)RU , SU(3)RD, and U(1)R should be broken, flavor
changing neutral currents may be induced. In order to analyze this in the previous
scenario, we should investigate the duality with SUSY breaking terms. This subject is
important and interesting, but dicult [10, 11], because SUSY plays an important role
in analyzing the duality.
Since the QCD scale is lower than the SUSY breaking scale, the above scenario may
not be realized. However, since we do not know the SU(3) ~C gauge coupling in the
original theory, this is still an open problem.
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In summary, \duality" may be interesting even in the real world. We applied this
technique to a Supersymmetric Standard Model. In this model, a heavy top quark is
naturally understood, and there is no  problem. The model also predicts nine pairs of
Higgs superelds.
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